We report our initial experience with transurethral injection of autologous adipose-derived regenerative cells (ADRCs) for the treatment of urinary incontinence after radical prostatectomy. Materials and Methods: After providing written informed consent, six men with persistent urinary incontinence after radical prostatectomy were enrolled in the study. Under general anesthesia, about 50 mL of adipose tissue was obtained from the patients by liposuction. ADRCs were obtained by separation with centrifugation using the Celution cell-processing device. A mixture of ADRCs and adipose tissue were transurethrally injected into the submucosal space of the membranous urethra. Functional and anatomical improvement was assessed using a 24-h pad test, validated patient questionnaire, urethral pressure profile, and magnetic resonance imaging (MRI) during 12-week follow-up. Results: Urine leakage volume was improved with time in all patients in the 24-h pad test, with the exemption of temporal deterioration at the first 2 weeks post-injection in 2 patients. Subjective symptoms and quality of life assessed on the basis of questionnaire results showed similar improvement. The mean maximum urethral closing pressure increased from 44.0 to 63.5 cm H2O at 12 weeks after injection. MRI showed an increase in functional urethral length (from 6.1 to 8.3 mm) between the lower rim of the pubic bone and the bladder neck. Adverse events, such as pelvic pain, inflammation, or de novo urgency, were not observed in any case during follow-up. Conclusion: This study demonstrated that transurethral injection of autologous ADRCs can be a safe and effective treatment modality for postprostatectomy incontinence.
INTRODUCTION
Stress urinary incontinence (SUI) is common among men, particularly following radical prostatectomy. Depending on the severity of postoperative SUI and on the patient's preference, various treatment options are available. They include pharmacological treatment, surgical treatment (e.g., injection therapy with bulking agents), application of sling systems, and cell therapy. 1 All of these methods involve some limitations, and therefore new, innovative, and experimental approaches have been proposed as alternative treatment options. Stem cells are a self-renewing group of cells derived from tissue that can differentiate into various other cells. Ideally, stem cell therapy to treat SUI would enable the functional periurethral tissue regeneration to provide proper mucosal coaptation and recover resting urethral closure pressure. 2 Multiple animal model studies have reported on the effect of stem cells on regeneration of tissue in the urethra, and more recently, some human trials have Adipose-Derived Regenerative Cell Injection Therapy for Postprostatectomy Incontinence: A Phase I Clinical Study also been conducted. [3] [4] [5] Recent studies have shown that adipose-derived stem cells (ASCs) can differentiate into various type of cells, such as myoblasts, fibroblasts, endothelial cells, smooth muscle cells, or neurogenic cells. 6 With regard to treatment of SUI, ASCs are of special concern for promoting revascularization and neuronal and mesodermal regeneration. In fact, neural-differentiated ASCs present glial characteristics and facilitate nerve regeneration, as observed in transplanted rat models. 7 Furthermore, periurethral injection of ASCs improved urethral resistance and showed in vivo differentiation into smooth muscle cells. 8, 9 In addition, cultured ASCs secrete various angiogenesis-related cytokines, including vascular endothelial growth factor and hepatocyte growth factor. 10 Gotoh, et al. 11 reported their experience with periurethral injection of adipose-derived regenerative cells (ADRCs) in 11 patients with SUI after radical prostatectomy. In their study, they used the Celution system (Cytori Therapeutics, San Diego, CA, USA), which is a commercially available equipment that allows rapid isolation of therapeutic doses of autologous ADRCs from human adipose tissue following liposuction, thus eliminating the need for culture. 12 Using this machine, we developed a new cell therapy for SUI due to urethral sphincter deficiency. The cell therapy included periurethral injection of autologous ADRCs. In this study, we investigated whether ADRC injection therapy for patients with persistent SUI after radical prostatectomy can be duplicated to show similar efficacy and safety as that reported by Gotoh, et al. 11 in patients with persistent SUI after radical prostatectomy.
MATERIALS AND METHODS
This study was approved by the Ethics Committee of Kyungpook National University School of Medicine, and written informed consent was obtained from all patients.
Patients
In the present study, we enrolled six SUI patients after radical prostatectomy. The inclusion criteria were as follows: persistent urinary incontinence for >1 year after surgery, need for pad use, no evidence of metastasis or recurrence of prostate cancer, and need for further therapy other than pharmacologic treatment.
Adipose tissue harvesting and isolation
Under general anesthesia, liposuction of 200 mL of adipose tissue was applied along the abdominal wall after making a single periumbilical incision. ADRCs were isolated from the suctioned adipose tissue by the Celution system. The Celution 
Periurethral injection of ADRCs
For periurethral injection of ADRCs, two distinct formulations were prepared: an isolated, 1-mL ADRC fraction was prepared for direct injection, and another 4-mL fraction was mixed with 16 mL of intact autologous adipose cells, producing 20-mL combined solution. A 24 Fr rigid endoscope was used to inject the processed ADRC solution. The endoscope was inserted into the urethra. Under endoscopic vision, an injection needle was inserted through the endoscope into the urethral mucosa at the external sphincter. After successful puncture, the ADRC solution was injected. First, the 1-mL isolated ADRCs solution was injected into the rhabdosphincter at a 5 mm depth in the 5 and 7 o'clock directions. Subsequently, the 20-mL combined solution was injected into the submucosal space in the 4, 6, and 8 o'clock directions to promote a bulking effect along the urethral mucosa and to facilitate complete coaptation. After the injection of all solutions, an 8 Fr Foley catheter was placed. The next day, it was removed to facilitate micturition.
Assessment of outcome
To quantify treatment success rates, patients were evaluated before and after therapy in accordance with four criteria. The degree of incontinence was evaluated using a 24-h pad test, and the daily total leakage amount was measured. During each evaluation period, the 24-h pad test was repeated three times. This parameter was evaluated at baseline and at 2, 4, 8, and 12 weeks after procedure. The subjective symptoms and quality of life were assessed by the International Consultation on Incontinence Questionnaire-Short Form (ICIQ-SF), a validated disease-specific questionnaire. In the ICIQ-SF, the therapeutic effects in aspects of frequency of incontinence (0-5 point scores), leakage amount (0-6 point scores), and impact on daily life (0-10 point scores) were examined, and the total score (0 to 21 points score) was calculated. A high score indicated an unfavorable condition. This parameter was assessed at baseline and at 4 and 12 weeks after the procedure. Urodynamic tests, including urethral pressure profiles and pressure flow studies, were performed to determine whether lower urinary tract obstruction occurred after therapy and to prove the effect of therapy on urethral closure pressure. Maximum urethral closing pressure (MUCP) and functional profile length (FPL) were measured at baseline and at 4 and 12 weeks after the procedure. Urethral sphincter thickness was monitored with magnetic resonance imaging (MRI) by measuring the length be- tween the lower rim of the pubic bone and bladder neck. These imaging studies were carried out at baseline and at 4 and 12 weeks after treatment.
RESULTS
Transurethral injection of ADRCs was performed in all 6 patients without perioperative complications. After removal of the Foley catheter, all patients could micturate without significant residual urine. No patient had abnormal voiding symptoms. The urethral lumen was completely closed after the periurethral injection at the external urethral sphincter (Fig. 1) . In 2 patients, urinary incontinence deteriorated within 2 weeks after injection. However, urinary incontinence progressively improved thereafter in these 2 patients, and continuously improved in the other 4 patients for 12 weeks. By 12 weeks after treatment, urinary incontinence in aspects of leakage volume, measured by a 24-h pad test, had improved (Table 1) . On the basis of the ICIQ-SF questionnaire, subjective symptoms and quality of life reflected similar improvement. Urethral sphincter function improved in all cases. The mean MUCP increased from 44.0 to 63.5 cm H2O (Table 1) . MRI showed an increase in the functional urethral length (from 6.1 to 8.3 mm) between the lower rim of the pubic bone and bladder neck ( Table 1 , Fig.  2 ). Significant side effects of inflammation, pelvic pain, or de novo urgency were not observed after the procedure in any patient during the postoperative follow-up period.
DISCUSSION
Embryonic stem cells are multipotent cells derived from the inner cell cluster of blastocysts. They hold the potential to differentiate into cells from any of the three embryonic germ layers. To avoid ethical and political problems that could limit the use of these cells, research into alternative treatments for SUI has focused on using autologous adult-derived stem cells. Unfortunately, adult stem cells are not immortal and have more limited potential of differentiation. Investigations into using stem cells for the treatment of SUI have focused on mesenchymal-derived stem cells. These cells can be isolated from many different sources, such as bone marrow, muscle, adipose tissue, amniotic fluid, liver tissue, dental pulp, placenta, and umbilical cord. 2 Very few studies using autologous adult-derived stem cells for the treatment of SUI in humans have been reported in the literature. Even fewer papers have been published concerning male SUI. The first experience was reported by Strasser, et al. 13 in 2007 after treating a group of men and women affected by SUI with ultrasonography-guided injection of myoblasts and fibroblasts into the rhabdosphincter and submucosa, respectively. After a follow-up of 12 months, the authors recorded a significant improvement in incontinence and quality of life scores, thickness of the urethra and rhabdosphincter, and the contractility of the rhabdosphincter. These postoperative changes were explained by the formation of new muscle tissue in the rhabdosphincter. 13, 14 This muscle tissue formation has been related to the greater difficulty of injecting MDSCs in men than in women due to the anatomy of the male urethra and postoperative scarring. Mitterberger, et al. 15 in 2008 reported their experience using the same technique with a longer follow-up period in a study of 63 male patients with SUI after radical prostatectomy. Significant postoperative improvements in incontinence and quality of life scores, as well as thickness and contractility of the rhabdosphincter with no severe side effects, were recorded at 1 year of follow-up. In 2012, however, Gerullis, et al. 16 reported that only 120 of 222 male patients with SUI and sphincter damage after urologic procedures, who were treated with transurethral injection of autologous muscle-derived cells, responded to therapy. Among therapy-responsive men, 26 (12%) were continent, and 94 (42%) showed improve- Fig. 2 . In case of patient E, MRI showed an increase in the functional urethral length (from 5.07 to 8.59 mm) between the lower rim of the pubic bone and bladder neck 4 weeks after injection (A: baseline, B: 4 wks after injection).
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ment. For 102 (46%) patients, however, the therapy was ineffective. A variety of conditions in humans has been successfully treated with ADRCs. [17] [18] [19] In an introductory investigation, Lin, et al. 12 reported the characteristics of Celution-isolated ADRCs. Using flow cytometry and colony-forming unit fibroblast assays, the authors showed that cells isolated using the Celution system were composed of a heterogeneous cell population, including ASCs, mature and progenitor endothelial cells, CD45+ hematopoietic cells, vascular smooth muscle cells, resident tissue macrophage/monocytes, preadipocytes, and pericytes, containing ASCs in 0.6-1.6% of all components. Furthermore, to explore the safety and feasibility of ADRC transplantation in myocardial infarction patients, a first-in-man randomized controlled trial is currently in progress in the Netherlands. 20 In 2013, Gotoh, et al. 11 reported their experience with the periurethral injection of ADRCs in 11 patients with SUI after radical prostatectomy. They reported a progressive improvement in sphincter function, shown by an increase in the MUCP and FPL, as well as decreased leakage volume, shown by a 24-h pad test with no significant adverse events. The authors also explained the advantage of using adipose tissue, which contains multipotent stem cells, as well as progenitor cells and key mature cells. The Celution system allows for rapid and adequate collection of ADRCs from each patient. Unlike other cell therapy procedures, the treatment is completely autologous and requires no cell culture; furthermore, it is carried out in a single surgical procedure. 11 Before this study, most information was from several animal studies using rats to confirm the effect of periurethral injection of ASCs on urethral resistance and sequential changes. 21 In our study, two patients initially experienced greater urinary incontinence after periurethral injection. Although urinary incontinence increased in the first 2 weeks postoperatively, the 24-h pad test results progressively improved at 4, 8, and 12 weeks of follow-up. This might have resulted from inexperience in administering the injection, potentially leading to transient sphincter injury. In the other four cases, the outcomes of the 24-hr pad test continuously improved. The MCUP, functional urethral length, and ICIQ-SF continuously improved in all cases after surgery (Fig. 3) . Gotoh, et al. 11 reported that 30% of the injected adipose tissue fraction, which was processed to isolate ADRCs, was composed of lactated Ringer's solution. Absorption of the solution could also be responsible for the temporary deterioration in the condition during the initial weeks. The authors further explained that while the perennial bulking effect suggests the survival and growth of the injected adipose tissue, the positive effects on impaired sphincter function could also originate in the presence and paracrine effect of the injected ASCs within the ADRCs. ASCs can differentiate into mature adipose tissue and possibly into contractile cells, and cultured ASCs are known to secrete quite a lot of angiogenesis-related cytokines. 10, 21 This study showed that transurethral injection of autologous ASCs can be a safe and feasible treatment for SUI after radical prostatectomy. This new treatment modality represents a minimally invasive and highly effective therapeutic approach, although larger studies and those that assess long-term outcomes are needed to confirm the efficacy of this new treatment modality.
